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ABSTRACT Multiple sclerosis (MS) is a chronic disease
characterized by focal demyelination of the white matter of the
brain and spinal cord. Central nervous system damage appears
to be mediated by infiltrating T lymphocytes and macrophages,
and a central role for autoreactive CD41 T cells has been
proposed. However, the initial immune events that lead to the
chronic process of MS remain unidentified. We now present
evidence that a subset of T lymphocytes bearing y/S T-cell
antigen receptors has been activated in patients with recent-
onset disease. Cells recovered from the cerebrospinal fluid of
subjects with MS were cultured for short periods of time in
medium supplemented with T-ceU growth factors. Expansions
of V81 and V82 T-cell receptor-bearing lymphocytes were
found only in cell populations obtained from subjects with
recent-onset disease. Similar populations were not expanded in
subjects with chronic MS or other neurological diseases. Junc-
tional region sequencing showed the expanded y/6 T cells to be
oligoclonal in nature, suggestive of specific stimulation by
antigen. These results reveal a fundamental difference in the
immunopathogenesis of acute vs. chronic disease and provide
additional insight into the autoimmune nature of MS.

Previous investigations into an immunological basis for mul-
tiple sclerosis (MS) have centered on the involvement of T
lymphocytes and macrophages because of their detection in
MS brain white matter lesions (1). CD4+ a/B T-cell receptor
(TCR) lymphocytes restricted in antigen reactivity by class II
major histocompatibility complex molecules have been im-
plicated due to the HLA-DR2, Dw2 association with MS (2).
In addition, CD4+ lymphocytes mediate experimental aller-
gic encephalomyelitis, an animal model of central nervous
system disease with similar pathology as human MS, usually
elicited by immunization with myelin basic protein (MBP,
ref. 3). Along these lines, several groups have described the
limited expression of TCR a/P molecules by CD4+ lympho-
cytes from chronic MS brain lesions [variable region (V)a10,
ref. 4, and Vp5.2, J. Oskenberg, M. Panzara, A. Begovich, D.
Mitchell, H. Erlich, R.S.M., R.S., M. Sherritt, J. Rothbard,
C. Bernard, and L. Steinman, unpublished work], or by MS
peripheral blood CD4+ T cells after in vitro stimulation with
MBP (V,12,17, ref. 5; V,15, ref. 6; and V,05.2, ref. 7).
Although evidence has been presented that T-cell reactivity
to MBP is involved in MS, most of these studies involved
patients with long-standing disease, and it is unclear at what
stage T-lymphocyte reactivity to MBP might play a role. In
addition, a viral etiology combined with a genetic predispo-
sition to disease has been postulated for MS (3, 8, 9).
Therefore, although MBP-reactive CD4+ T cells might be
speculated to contribute to the chronic pathogenesis of MS,

the initiating immune events in this disease remain undefined.
Recently, lymphocytes bearing y/8 TCR, a genetically dis-
tinct group of TCRs for antigen (10), have been detected in
both acute and chronic MS brain lesions (11, 12). The
presence of y/8 T lymphocytes early in bacterial infections
(13, 14) has led to speculation on the role of y/8 cells in the
initial stages of inflammation. We report here that MS
subjects with active recent-onset disease, but not those with
long-standing disease, have an oligoclonal population of
activated 'y/8 T cells in their cerebrospinal fluid (CSF) that
can be expanded in vitro.

MATERIALS AND METHODS
Subjects. CSF and peripheral blood mononuclear leuko-

cytes (PBL) were obtained from subjects who were clinically
evaluated and assigned a diagnosis (by R.S.M. and J.A.B.)
before any knowledge of TCR phenotyping results. All sub-
jects exhibited a neurological deficit that together with clin-
ical laboratory data and/or previous history supported a
diagnosis of clinically definite or probable, laboratory-
supported MS (15-17), or other neurological disease.
In Vitro T-Lymphocyte Expansion. Cells from CSF were

pelleted by centrifugation and cultured in medium supple-
mented with 10%o pooled A+ normal human serum and 8%
Lymphocult T-lectin free and 2% Lymphocult T-highly pu-
rified (Biotest Diagnostics, Denville, NJ) as sources of T-cell
growth factors including interleukin (IL) 2 and IL-4 (referred
to as IL-2-CSF). The mean number ofCSF cells cultured was
2.27 x 104; the range was 0.24-7.4 x 104. Peripheral blood
was also taken on the same day as CSF, and PBL were
isolated by Ficoll/Hypaque gradient centrifugation. PBL (2
x 105) were cultured separately under identical conditions
(referred to as IL-2-PBL). After 6-8 days of in vitro lym-
phokine-supplemented culture, the surviving blast cells were
expanded by stimulation with anti-CD3 antibody (18) in the
presence of 4000-R-irradiated PBL filler cells (1 R = 0.258
mc/kg) and culture medium supplemented with lympho-
kines, as indicated above. By 5-7 days after anti-CD3 ex-
pansion, when the cells were slowing in proliferation, ali-
quots of cells were harvested for analysis.

Analysis of TCR Expression by Immunofluorescence.
Freshly isolated PBL or cells harvested from culture were
washed and stained with either biotinylated monoclonal
antibody (mAb) WT-31 (recognizing mostly TCR a/83 cells

Abbreviations: MS, multiple sclerosis; TCR, T-cell receptor; MBP,
myelin basic protein; CSF, cerebrospinal fluid; PBL, peripheral
blood mononuclear leukocytes; IL, interleukin; V, D, J, and C,
variable, diversity, joining, and constant regions, respectively; mAb,
monoclonal antibody.
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but with some cross-reactivity for a small subset ofTCR y/8
cells, ref. 19), fluoresceinated mAb TCR 81 (recognizing all
TCR y/6, ref. 20), or fluoresceinated mAb TCSS-1 [recog-
nizing V81-joining region (J) 61, ref. 21] plus biotinylated
mAb BB3 (recognizing V82, ref. 22). Cells were then washed
and incubated with phycoerythrin-avidin. Samples were
evaluated on either a FACScan (Becton Dickinson) or Profile
(Coulter) flow cytometer, analyzing 5,000-25,000 gated via-
ble lymphocytes per sample.

Analysis of TCR V8 Sequences. PCR amplifications were
done by using oligonucleotide primers specific for Va1 (TAC-
TCAAGCCCAGTCATCAGTATCC) and constant region
(C)s (CCAAGCTTGACAGCATTGTACTTCC), and the V81
(GGGGTCGACAAGTTGGTGGTCATATTA) and V82
(GGGGTCGACCCTCAGGTGCTCCATGAA) primers de-
scribed by Krangel et al. (23). Amplifications were done on
cDNA reverse-transcribed from =1-2 ,g of total lymphocyte
RNA with 35 cycles of 1 min at 960C, 2 min at 550C, and 3 min
at 72°C, as described (4). PCR products of the appropriate
size (450-600 bp) were excised from agarose gels, purified,
ligated to a "TA" cloning vector (Invitrogen), and trans-
formed into competent Escherichia coli host bacteria. Dou-
ble-stranded vectors containing TCR V8 PCR products were

isolated and sequenced by using the dideoxynucleotide Se-
quenase enzyme (United States Biochemical).

RESULTS AND DISCUSSION
To enrich for disease-relevant T cells, which we speculated
would be in vivo activated and, therefore, expressing recep-
tors for T-cell growth factors (24-26), cells isolated from
patients' CSF and blood were cultured in lymphokine-
supplemented medium. For a subset of patients, cytofluoro-
graphic analysis of lymphokine-expanded T cells demon-
strated large numbers of y/8 lymphocytes; 5/18 PBL samples
from subjects with MS contained high percentages (>10.4%,
Table 1 legend) of y/6 T cells after culture, whereas most MS
PBL samples did not expand under these culture conditions.
Two of four PBL cultures from non-MS subjects also con-
tained increased percentages of y/8 T cells. Freshly isolated
PBL did not contain high vy/ T-cell percentages (range of
1.1-1o), which in several MS subjects (M5, W1, W2) either
did not change or even decreased after in vitro culture. Both
Vt1 and V82 expression predominated in fy/8 cells expanded
from MS PBL, whereas the two elevated samples from
non-MS subjects contained predominantly V,61+ cells.

Table 1. Percentage of y/8 T cells in CSF and PBL

Cell Subset staining, % Cell Subset staining, %
Subject population a/P* y/st V61 V82 Subject population a/p* .Y/5t V81 V82
MS*
B5 IL-2-CSF NA 6.9 0.5 3.5 T1 IL-2-CSF 95 2.5 0.2 1.1

IL-2-PBL 70 29 7.3 20 IL-2-PBL 88 8.2 4.1 3.9
PBL 53 10 0.9 20 PBL 44 2.8 0.5 NA

B6 IL-2-CSF 96 3.3 1.1 1.4 T2 IL-2-CSF 87 11 11 2.3
IL-2-PBL 91 8.4 0.0 9.2 IL-2-PBL 94 4.2 2.5 2.5
PBL 80 6.4 0.2 7.9 PBL 45 2.1 0.9 NA

Di IL-2-CSF 87 12 7.1 2.9 U IL-2-CSF 98 6.7 0.0 1.7
IL-2-PBL 84 15 2.7 16 IL-2-PBL 84 7.4 1.3 2.9

D3 IL-2-CSF 91 1.8 0.3 1.0 PBL 70 1.1 0.4 0.3
IL-2-PBL 89 3.4 1.9 1.1 Wi IL-2-CSF 50 51 21 5.0
PBL 81 1.9 0.1 3.2 IL-2-PBL 56 5.6 0.8 4.5

E IL-2-CSF 58 2.9 0.0 4.9 PBL 76 8.9 0.0 9.0
IL-2-PBL 84 1.7 0.3 1.3 W2 IL-2-CSF 60 40 35 3.5

G2 IL-2-CSF 89 0.0 0.1 0.0 IL-2-PBL 85 5.0 2.0 2.0
IL-2-PBL 44 44 14 20 PBL 74 4.5 1.0 4.0
PBL 73 6.8 2.9 6.3 Y IL-2-CSF 76 22 16 3.3

L2 IL-2-CSF 80 1.2 0.0 0.9 IL-2-PBL 97 1.2 1.6 0.2
IL-2-PBL 79 16 5.2 10.3 PBL 69 3.2 0.6 4.9
PBL 71 2.4 0.6 6.8 Non-MS

M4 IL-2-CSF 71 24 17 6.1 F2 IL-2-CSF 88 2.0 0.2 0.8
IL-2-PBL 72 9.0 5.2 4.2 IL-2-PBL 80 8.2 3.7 4.6
PBL 73 4.0 0.7 2.3 PBL 76 1.9 0.6 NA

M5 IL-2-CSF 95 2.0 0.8 0.6 H3 IL-2-CSF 95 2.7 2.2 0.0
IL-2-PBL 94 2.4 0.7 1.3 IL-2-PBL 63 30 21 1.2
PBL 56 5.5 0.9 3.4 PBL 69 6.4 1.2 6.6

Pi IL-2-CSF 93 13 6.5 4.5 M3 IL-2-CSF 100 1.4 0.5 1.2
IL-2-PBL 80 17 13 2.7 M6 IL-2-CSF 91 0.6 0.0 0.7
PBL 72 2.5 0.8 6.9 IL-2-PBL 99 0.3 0.7 1.1

P2 IL-2-CSF 91 5.1 1.0 3.2 N IL-2-CSF 94 2.8 0.1 2.3
IL-2-PBL 91 3.8 1.1 2.0 IL-2-PBL 78 19 17 0.5
PBL 45 2.7 0.2 NA PBL 86 2.8 1.0 2.7

R2 IL-2-CSF 70 27 8.7 17
IL-2-PBL 94 5.2 1.1 3.9
PBL 75 1.8 1.2 0.5

NA, data not available.
*Cells positive for TCR a/,8 were detected with mAb WT-31, which cross-reacts on a subpopulation ofTCR y/v cells; therefore, cell staining
may, in some cases, be >100%o.
tThe normal range ofy/8T cells in human peripheral blood has been reported to be 1-8% (27). In this study we detected a mean (± SD) percentage
in freshly isolated (nonmanipulated) PBL of 4.09 ± 2.1%. Values >3 SD above this mean staining (>10.4%) were considered significantly
increased above normal.
tPatient samples were evaluated in the order received, and all subjects evaluated are presented in alphabetical order.
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Table 2. Classification of disease status

CSF indices*

IgG syn.
WBC/ rate,

Subject Onsett mm3 OCB mg/day MRIt
Recent-onset MS

D1 1 mo 12 4 IgGk/I 34 Mf-WM/Gd+
M4 1 mo 8 None NA Mf-WM+SC/Gd+
P1 2 mo 16 None 50 Mf-WM/Gd+
R2 4 mo 56 2 IgGk/l 73 Single WM
T2 1 mo 7 3 IgGk/I 64 Mf-WM+SC/Gd+
Wi 6 mo 3 4 IgGk/I 47 Mf-WM/Gd+
W2 6 mo 46 None 48 Mf-WM
Y 5 mo 93 1 IgGk 49 Mf-SC/Gd+

Subacute and/or chronic MS
B5§ 7 yr 0 None 7 Normal
B6 4 yr 4 None 5 Multi-WM/Gd-
D3 >6 mo 4 3-IgGk 20 Single-WM/Gd+
E 16 yr 3 4-IgGkfA 32 Mf-WM/Gd+
G2 7 yr 0 2-IgGk/l 12 Normal
L2 11 yr 0 None NA Normall
M5 8 mo 7 3-IgGk/I 14 Normal
P2 2 yr 10 MultIgGk/A 46 Mf-WM, ST
T1 4 yr 2 None 10 Mf-WM/Gd-
U 4 yr 4 4-IgGk/I 13 Mf-WM

Non-MS11
F2 0 None 5 Normal (CPS)
H3 1 None 4 Normal

(Dystonia)
M3 122 4-IgGk/l 18 Mf-WM/Gd+

(ADEM)
M6 0 None 6 Normal (PVN)
N 0 None 7 Normal (B12-def.)
NA, data not available.

*A CSF white blood cell (WBC) count of 0-4 cells per mm3 is
considered the normal range for healthy persons. A CSF-specific
presence of IgGk/I oligoclonal bands (OCB) are typical (but not
specific) for MS, and an IgG synthesis (syn) rate of 0-9 mg per day
is the normal range for healthy persons.

tDuration of MS symptoms at time of evaluation is indicated.
tMagnetic resonance imaging (MRI) with gadolinium (Gd+) was
done, indicating enhancement of active single or multifocal (Mf)
white matter (WM), brainstem (ST), or spinal cord (SC) inflamma-
tory lesions.
§This subject, Bs, while having been diagnosed 7 yr previously as
having MS, does not meet all criteria for clinically definite MS and
is therefore categorized as "possible MS."
IThis subject, L2, had an abnormal MRI 1 yr before this study.
"Non-MS subjects included in this study were diagnosed with
chronic pain syndrome (CPS), idiopathic dystonia, acute dissemi-
nated encephalomyelitis (ADEM), postvaccinal neuropathy (PVN),
and one myelopathy secondary to vitamin B12 deficiency.

Only a small percentage of cells from the CSF of non-MS
subjects expressed y/6 after culture (range, 0.6-2.8%o). How-
ever, cultured CSF samples from 8 of 18 subjects with MS
contained >10.4% "y/3 T cells (Table 1). Two subjects
demonstrated increased y/8 percentages in both CSF and
blood. Staining for TCR V, indicated that V81+ T cells
predominated in nearly all MS CSF cultures showing a y/8
expansion; only one MS patient's CSF contained predomi-
nantly V82+ cells. The striking expansion of V,61+ cells in
only a subgroup ofpatients indicated that only a subset of y/v
cells was present or had the ability to expand during culture.
Experiments were also done in which CSF cells were stim-
ulated in vitro with anti-CD3, instead of initially culturing in
medium containing IL-2 plus IL-4. None of the anti-CD3-
stimulated cultures resulted in high percentages of vy/ cells,
and in every case CD4+ cells predominated. These results
suggested to us that the growth factor-responsive v/y cells
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FIG. 1. Correlation of lymphokine-mediated expansion of y/8
cells with subject disease status. Percent staining for TCR y/8 from
Table 1 was grouped according to subject disease classification from
Table 2. A TCR y/8 percentage >10.4% (see Table 1 legend) was
considered significantly elevated and is indicated by dashed line.

did not represent the major CSF CD3+ population but were
selected on the basis of other properties, presumably their
activation status. Furthermore, in CSF samples from MS
subjects where y/8 cells did not expand, TCR a/,l lympho-
cytes proliferated extensively, indicating the presence of a
different activated cell population (Table 1). All CSF samples
cultured in vitro, irrespective of subject disease status and
whether the expanded T population expressed a/6 or y/8
TCR, expanded >100-fold to '=1.5-2.5 x 106 cells (data not
shown).
The presence of activated, lymphokine-expandable y/v T

lymphocytes in MS subjects acquired greater significance
after the disease status ofthe study subjects was revealed. All
eight of the CSF populations generating high percentages of
y/8 T cells were obtained from MS subjects with active
recent-onset disease (Table 2 and Fig. 1). These subjects all
displayed clinically definite MS of an active inflammatory
nature, characterized by gadolinium-enhancing white matter
and/or spinal cord lesions, elevated CSF indices, and recent
onset of clinical symptoms (mean, 3.3 mo; range, 1-6 mo,
Table 2). Those MS subjects whose CSF y/6T cells did not
expand after in vitro culture were found to have either stable
subacute disease (subjects B5, G2, L2, T1) with normal
magnetic resonance images and relatively low CSF white cell
counts, and/or chronic MS of multiple years duration, in-
cluding six subjects whose disease was active by magnetic
resonance imaging and/or clinical parameters (B6, D3, E, M5,
P2, and U; Table 2). Lymphokine-cultured CSF from patients
with other neurological diseases (non-MS group) also did not
contain activated y/6T cells. One subject in this group (M3)
had an acute disseminated encephalomyelitis characterized
by an extremely high CSF mononuclear white cell count and
a gadolinium-enhancing magnetic resonance imaging indica-
tive of an active inflammatory process.

In contrast to CSF, the observed expansion of y/6T cells
in lymphokine-cultured PBL populations appeared unrelated
to disease status. Two patients had recent-onset MS, three
had chronic MS, and two were in the non-MS group (Fig. 1).
Significantly, chronic MS subject G2's PBL contained acti-
vated Va1+ and Vs2+ T cells while having no detectable CSF
y/8 cells (Table 1 and Fig. 1). Comparison ofresults with CSF
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Sequences
Saple Identical

/Analyzed

V6I Ger line

-T delta N -QdeltaN-N -fddeltm3--N1

CTTGGGGAACT GAAATA&QW ACTGGG=TCC

D1 IL-2-CSF 9/11 CM ...... CT A G ...GTAAATC

D1 IL-2-PBL 10/12 CTTIGGW.. GCCGGGFG`

R2 IL-2-CSF 4/13 C GGGAACT

2/13 CTGGA...L. I'FTrATCT

R2 IL-2-PBL 2/11 C

2/11 CTTGGGGAACT

MrGGZ

.TCCTA. AACGG . LGGGr.......S.. AAAGT ACACGTAMC

CGG=GU=GGC=OoCTOCCACACCGATAAACTC

GTACGGGGTCCCGT ACTGGGGGA. CTCCTCGGT bc&t

ACACC ....GGGGAT... CCACCC AC A TAMC

AGATGTGT

W2 IL-2-CSF 12/12 CTTGGGG.... TTCTTTA ..... G .CTGGGGGATAC. AG ....

W2 IL-2-PBL 4/11 CTTGGGGA...

3/11 C .....

CTGGCGAAGAGGACGAAGCGGGT

AACCTGAAGTGCTC

ACTGGGGGATACG AGCTTTT

..... CGGGATAC. TATAAACA

V62 Geruline

D1 IL-2-CSF 3/8 T GC

2/8

D1 IL-2-PBL 4/10 TGTGACAC.

R2 IL-2-CSF 8/10 TGTGACACC

CCGATCCCTT

GTAGGT

GGTAGC

G

ACTGOGGGGATAC W GG ...............TACC

ACGGAGGA....CTGA A

ACTGGGGGA.... CCTCATCT ACANAZAM-

..TGGGGGATA.. AAGGGGGGT A

R2 IL-2-PBL 0/9 Were repeated sequences.

FIG. 2. TCR Vr1 and V82 sequences from lymphokine-expanded MS T cells that were found to be repeated. Sequences not shown were
in frame and only found once. Germ-line sequences are indicated at top. Deletions from germ line are indicated by underlined dots, and additions
to germ-line sequences are nonunderlined nucleotides.

and PBL samples indicated that the presence in CSF of
activated y/8 T cells was not simply a consequence of the
influx of activated peripheral blood cells.
We hypothesized that the expandable y/3 cells had been

selectively activated in vivo, and, therefore, would be limited
in heterogeneity-i.e., oligoclonal. These cells should, there-
fore, express a limited number ofTCRjunctional regions. To
test this hypothesis, cDNA clones encoding the expanded V,
were sequenced. Samples from three active recent-onset MS
patients were analyzed, and all demonstrated remarkable
oligoclonality (Fig. 2). For patient W2, all of the V81 cDNA
clones analyzed from CSF were identical in sequence. For
patients D1 and R2 CSF, dominant clones expressing Vs1 or
Vs2, respectively, were identified. Both V81-restricted pop-
ulations used diversity (D)82, D83, and Js1 genes with exten-
sive N-region nucleotide additions. The restricted Vs2 pop-
ulation used D83 and Js1 genes. Surprisingly, the IL-2-
cultured PBL population from recent-onset subject D1, which
demonstrated only 2.7% Vs1+ cells after culture, also con-
tained a dominant Vs1 clonotype distinct from that found
expanded from the same patient's CSF. Vs2+ populations
from this subject's CSF and PBL were also oligoclonal but
less marked compared with the Vs1+ results. Vs1+ popula-
tions from R2 CSF and W2 PBL contained dominant clones
but did not use D52 and had a greater diversity of TCR
sequences. In addition, one repeated Vs1 sequence used the
J,52 gene (W2, Fig. 2), which was not seen in the other
oligoclonal sequences obtained. Both Vs1 and V,82 PBL
populations from subject R2 were heterogeneous, showing
diversity in D and J region usage and junctional variations, as
would be expected of polyclonal populations.
The complexity and differences in TCR Vs junctional

sequences in the PBL populations, in particular, indicated
that PCR artifacts and contamination were not responsible
for the observed oligoclonality of certain CSF populations.
We found only one example of a CSF TCR V, sequence
present in the same patient's PBL, a singular PBL sequence

that corresponded to the dominant CSF clone (D1, Fig. 2),
emphasizing the distinct repertoire of cells found in the CSF
vs. peripheral circulation. Because a TCR repertoire analysis
of the original CSF samples was not possible (due to the
extremely low cell numbers), we cannot rule out that the
oligoclonality developed during the in vitro expansion period.
However, the correlation of y/8 expansion with disease
status, the similarity in TCR gene usage by expanded CSF
y/8 cells among different patients, along with the diversity
found in some PBL populations suggest that the oligoclonal
y/8 expansions truly reflect TCR over-represented in the
starting populations. Such a restricted TCR usage is indica-
tive of a population of cells selected in vivo, presumably by
response to antigen. The significance of finding activated
CSF 'y/5 cells bearing V81 or V82-D62-D83-J81 TCR in the
present studies is underscored by the detection by Wuchter-
pfenning et al. (12) of the same TCR gene usage (V81 or V82
rearranged to Dr,2-D,63-J1) in acute lesions. That associa-
tion, along with our data showing the presence of these cells
only in recent-onset MS, emphasizes their potential rele-
vance to disease.

In support of our findings, other investigators have de-
tected y/8 T cells in MS brain lesions (11, 12). Whereas we
found a clear distinction between the presence of these cells
in recent-onset versus chronic disease, those studies differed
in their correlation with stage of lesion development. Selmaj
et al. (11) found mostly mAb 8TCS1-negative yV cells (non-
V8,1-J8,1+, ref. 28) in chronic silent lesions (extensively de-
myelinated areas), whereas Wuchterpfennig et al. (12) de-
tected aVs1-J81+ presence in acute lesions (early active areas
preceding extensive demyelination). Both studies detected
the presence of heat shock antigens colocalized to the areas
of y/8 cell infiltration. A specific response against heat shock
antigen is an attractive hypothesis to explain the y3 T-cell
activation, but the oligoclonal V81+ populations found here
differ from the V82-dominated immune response elicited by
mycobacterial antigens (29-33). Also, the observed TCR

N Jdel

(...CGta2)
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usage does not suggest a y/S-specific superantigen response,
where V-region family-specific usage with diverse D and J
regions would more likely predominate (34). Alternatively,
because y/6 T cells can recognize viral antigens (35, 36), they
might be involved in the immune response against a virus,
several of which have been implicated in MS (8, 9).
A role for y/8T cells in human autoimmune diseases such

as rheumatoid arthritis (37), diabetes (38), polymyositis (39),
and sarcoidosis (40, 41) has been previously proposed. All of
these diseases, including MS, are characterized by involve-
ment of a/l CD4+ T cells of undefined antigen specificity,
especially in the chronic phase ofdisease. It is interesting that
y/v cells are prominent in the T-cell response to certain
organisms, especially early after infection (13, 14, 30). The
important role of y/v cells in autoimmune disease may also
occur early, as this report suggests for MS. Elucidation ofthe
antigen reactivity and role for vy/ lymphocytes may be
crucial to our understanding of the pathogenesis of this
disease.
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